1. tRNA of Bacillus subtilis was found to be variably contaminated with membrane teichoic acid. 2. Samples with high contents of teichoic acid showed no accepting activity for tRNAPhe and tRNATYr. 3. Removal of teichoic acid restored accepting activity and fractions containing teichoic acid, separated on Sephadex G-150, inhibited the charging of tRNATYr. 4. The presence of teichoic acid did not inhibit the charging of tRNAHiS.
The presence of contaminating material in tRNA preparations of Bacillus species has been reported from two laboratories. Okamoto (1967) described a material separated from the tRNA of Bacillus stearothermophilus that inhibited the charging of certain species of tRNA. Migita, Hsu & Doi (1970) described a 'pseudo-inhibitor' in tRNA prepared from Bacillus subtilis that prevented normal acid precipitation of the RNA in the aminoacyl-tRNA assay. The latter authors mentioned that there appeared to be inhibition of some other type in their preparations.
Each of the reports described some properties of the inhibitor or pseudo-inhibitor but did not identify the compounds involved.
We have studied the inhibition of the charging of tRNAPhe and tRNATYr in B. subtilis and have tentatively identified the inhibitor as a polyglycerol phosphate with glucose substituents. This type of teichoic acid is known to occur in or on the membranes of all Gram-positive tRNA preparation. A lOOg portion of wet cells was shaken for 30 min at room temperature with 50 ml each of phenol and 1 mM-tris-HCl buffer, pH 7.5, containing 0.01 MMgCl2. The sedimented cells and phenol layer were reextracted twice with the same buffer. RNA was precipitated from the aqueous phase by the addition of 0.1 vol. of 20% (w/v) potassium acetate and 2 vol. of ethanol. The RNA, which was soluble in 1 M-NaCl, was reprecipitated by ethanol, and amino acids were discharged by incubation in 1 mM-tris-HCl buffer, pH8.8, for 60min at 37°C. RNA was reprecipitated, dialysed and applied to a DEAEcellulose column at 0.2m-NaCl and eluted by M-NaCl. This step further decreased the content of rRNA and DNA. The tRNA was finally precipitated, dialysed and stored at -20°C. Preparations taken through to this stage are referred to as crude tRNA.
Aminoacyl-tRNA synthetase. Crude aminoacyl-tRNA synthetase was prepared by streptomycin sulphate precipitation of nucleic acids and (NH4)2SO4 precipitation by the method described by Kelmers, Novelli & Stulberg (1965) . The preparation was stored at -60°C in 50% (v/v) glycerol. The charging of the three amino acids, histidine, tyrosine and phenylalanine was maximal after 5min incubation at a suitable concentration ofthe crude enzyme preparation. After longer incubation or with a higher concentration of enzyme the extent of charging sometimes declined. This effect was not due to ribonuclease activity in the enzyme preparation, since preincubation of enzyme and RNA did not decrease charging.
To select a suitable enzyme concentration a series of twofold dilutions was made covering the range 2-0.05mg of protein/ml. To these enzyme dilutions was added an equal volume of a reaction mixture that contained twice the normal reagent concentrations defined below.
Assay of tRNA. In the general assay procedure the tRNA was incubated in the presence of 1 mM-ATP, 0.01M-MgCl2, 0.1M-tris-HCI buffer, pH7.6, and 0.1mM 3H-labelled amino acids. After 5min at 30°C the reaction was stopped by the addition of ice-cold 1 M-HCI. All samples were filtered within 1 h on Whatman GF/C glassfibre filters, washed four times with ice-cold 1 m-HCI and once with ethanol. When B. subtili8 tRNA was used in a concentration too low to yield a visible precipitate, carrier yeast RNA was added after the addition of 1 m-HCI. The radioactivities of the dried filters were counted in a Beckman liquid-scintillation counter in toluene scintillation fluid with 30% efficiency. Additions of KCI, EDTA, GSH, mereaptoethanol, dithiothreitol or bovine serum albumin, sometimes used by other investigators, were without effect on the 5 min charging reaction. They were, accordingly, omitted.
The extent of charging was the same between pH 7 and pH 8, and lowering the Mg2+ concentration to 1 mm had no effect. ATP was always used in large excess. The reaction therefore depended on the concentration of enzyme, already discussed above, and on the concentrations of tRNA and amino acid, which are considered in the Results section.
Chromatography. Benzoylated DEAE-cellulose (BDcellulose) was obtained from Schlwarz BioResearch Inc. and 20-50-mesh size was used for most purposes. Unless otherwise indicated all elutions were carried out with solutions of NaCl containing 0.01 M-MgCl2.
Columns (50 cm x 1 cm) of Sephadex G-100 or G-150 were packed, equilibrated and run at 4°C with 0.01 m-tris-HCI buffer, pH7.6, containing 1 mM-MgCl2. The total column volume was approx. 50ml and 1 ml fractions were collected.
Paper chromatography was used to detect the glucose, glycerol or glycerol 1-phosphate produced by acid hydrolysis of the teichoic acid. Samples were applied to Whatman no. 1 paper and developed by ascending chromatography in propan-l-ol-acetic acid-water (3:1:1, by vol.) and the spots were revealed by a spray prepared from aq. 5% AgNO3 with excess of aq. NH3. Ninhydrin (0.2%) in acetone spray was used to check for amino acids and amino sugars.
Analysis of teichoic acid. Teichoic acid was hydrolysed in several batches at 100°C with either H2SO4 or HCI (0.5-2.OM acid). The hydrolysates were neutralized with NaOH and desalted by addition of ethanol to 80% (v/v) . The supernatants were concentrated to dryness and made up to known volume. Glucose was assayed with Worthington Glucostat kit according to the manufacturer's instructions. Glycerol was determined by using glycerol dehydrogenase and glycerol 1-phosphate by using glycerol 1-phosphate dehydrogenase. Each enzyme was checked with glycerol, glycerol 1-phosphate and glucose to establish the specificity of the reaction.
Bound phosphorus was determined according to the method of Chen, Toribara & Warner (1956) .
An anthrone colour test was used to detect the presence of teichoic acid in column fractions. Two vol. of approx. 0.1% anthrone in conc. H2SO4 was added to 1vol. of sample, and colour was developed in a boiling-water bath for 5min. RNA in the range of concentrations found in the samples did not give a colour under these conditions.
RESULTS
The effect of varying the concentration of tyrosine on the charging of tRNATYr depended on the purity of the tRNA. Curve A in Fig. 1 shows the charging of crude tRNA with various concentrations of tyrosine. Each value has been corrected for a blank without RNA at the same amino acid concentration. Curve B in Fig. 1 shows charging at various concentrations of tyrosine of a sample of tRNATYr partially purified on BD-cellulose. At high amino acid concentration two processes are apparently being measured, the aminoacylation of tRNATYr and a second reaction that continues to increase at higher concentrations of tyrosine and might represent the charging of aggregated tRNA. The sensitivity of the assay for charging tRNATYr would therefore be increased at a lower concentration of tyrosine.
The charging of crude B. subtilis tRNA was normally linear only to a concentration of 10-20 E260 units/ml in the tyrosine assay (Fig. 2) . However, in one batch of tRNA, described below, no (1) Gel filtration of the inactive tRNA through Sephadex G-150. (2) The inactive tRNA was applied to BDcellulose at 0.03 M-sodium chloride, washed with 0.3M-sodium chloride and active RNA was eluted by 1 M-sodiuin chloride in 100% (v/v) ethanol. (3) Inactive tRNA was applied to DEAEcellulose at 0.2M-sodium chloride. The column was eluted first with 0.5M-sodium chloride in 10% ethanol and the salt concentration was then increased to 1Im when the E260 value began to rise. Active tRNA was collected in the remaining fractions. (The 10% ethanol used in the 0.5m-sodium chloride wash may not be essential.) (4) tRNA was precipitated at 4°C with 1 Mhydrochloric acid. The precipitate was centrifuged, washed with 70%o (v/v) ethanol and redissolved in 0.2 m-sodiuin hydroxide to which was immediately added tris-hydrochloric acid buffer, pH7.6. (The use of dilute sodium hydroxide was essential; tris-hydrochloric acid buffer alone left an insoluble residue that contained most of the tRNAPhe and tRNATYr.) Okamoto (1967) and Migita et al. (1970) also found that acid precipitation improved the accepting activity of their tRNA preparation.
Each of these four procedures removed the same material. The properties, based on observations to this point, may be summarized. The material was a non-diffusible polymer, soluble in water and dilute acid but insoluble in ethanol. It did not absorb at 260nin. It was not retained by BD-cellulose at 0.3M-sodium chloride. On DEAE-cellulose the polymer was retained at 0.2m-sodium chloride but was eluted at the solvent front with 0.5MI-sodium chloride in 10% ethanol. Its presence was detected as an ethanol-insoluble material that did not absorb at 260nm
Identification ofteichoic acid. A sample ofthe polymerwas prepared from material separated by DEAEcellulose and BD-cellulose. The dry weight was determined after dialysis against water. The products of hydrolysis were found to vary with the experimental conditions. With 0.5M acid, glucose and glycerol 1-phosphate were detected, but no other sugar or amino sugar. Hydrolysis by 2 M acid destroyed the glucose and gave glycerol but little glycerol 1-phosphate. No amino acids were detected in the hydrolysates but all samples of teichoic acid tested had been exposed to ion exchangers. A complete quantitative analysis was precluded by the difficulty of obtaining complete hydrolysis without some destruction. Nevertheless it was possible to show a minimum of 20% glucose, 35% glycerol +glycerol 1-phosphate and 10% phosphorus. Allowing for the oxygen of the phosphate ester linkage this analysis accounts for 75%o of the dry weight of the sample. This is a lower estimate which takes no account of the loss of glucose nor of the possible racemization of glycerol 1-phosphate during acid hydrolysis. The analytical result was consistent with the presence of teichoic acid consisting of polyglycerol phosphate with some glucose substituted in the 2-hydroxyl group. Glaser & Burger (1964) Okamoto (1967) 
